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The structural component of the tyrS gene of Escherichia coli, comprising 1269 base pairs, has been fully 
sequenced by the combined M13/dideoxychain termination approach. The gene has a codon usage pattern 
which is typical of highly expressed proteins and similar to other Escherichia coli aminoacyl-tRNA 
synthetase genes. Peptide purification and sequencing has been used to locate the N-terminus and to 
provide confirmation of 95% of the translated protein sequence. This latter yields on IG, of 47403 for the 
Escherichia cofi tyrosyl-tRNA synthetase, and reveals considerable homology with the primary structure 
of the analogous enzyme isolated from Bacillus staerothermophilus. 
Aminoacyl-tRNA synthetase 
1. INTRODUCTION 
One of the prime interests in studying the struc- 
tures of the aminoacyl-tRNA synthetases concerns 
the nature and specificity of the interaction bet- 
ween the enzyme and its substrates: ATP, amino 
acid and tRNA [ 11. The crystallographic structures 
and primary sequences for both the tyrosyl-tRNA 
synthetase (Bacillus stearothermophilus) [2] and 
methionyl-tRNA synthetase (Escherichia co111 [3,4] 
are now available, and although there is significant 
structural homology between these two enzymes, 
only a short stretch of amino acid sequence is con- 
served [5]. 
Binding sites for tyrosine and ATP have been 
located within the tyrosyl-tRNA synthetase crystal- 
lographic structure [6,7] and several lysine residues 
identified which may interact with the tRNA [8]. In 
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Ml3 cloning DNA sequencing 
an attempt to further delineate the essential regions 
of the B. stearothermophilus tyrosyl-tRNA syn- 
thetase structure we undertook the task of deter- 
mining the primary sequence of the homologous 
enzyme from E. coli. To this end, we present below 
the full nucleotide sequence of the E. coli tyrosyl- 
tRNA synthetase, supported by corroborative pro- 
tein sequencing data. 
2. MATERIALS AND METHODS 
2.1. DNA sequencing 
The E. coli K12 tyrosyl-tRNA synthetase gene, 
tyrS is located within the 2600 basepair insert of 
the plasmid pBR322/EcoTyrTS [9], and subclon- 
ing experiments had shown that the structural com- 
ponent of the gene lies between the two outer 
BamHl restriction sites (fig. 1). The sequencing 
strategy involved first purifying the 1.1 x lo3 
basepair and 3 x lo3 basepair BamHl fragments 
by agarose gel electrophoresis [lo], and then clon- 
ing into the BamHl site of M13mp7 [l I], both 
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before and after subdigestion with endonuclease homogeneity from E. coli K12 strain EM20031 as 
Sau3A. These fragments were overlapped by clon- in [ 151. The protein, after carboxymethylation, 
ing random sonicated fragments of the entire was subjected to 3 separate proteolytic digests: 
plasmid into the Hind11 site of M13mp7, after con- trypsin; chymotrypsin; and cyanogen bromide. 
verting to flush ends with E. coli DNA polymerase Peptides were separated by gel-filtration, ion-ex- 
I (Klenow fragment) as in [ 121. The cloned inserts change on DEAE-cellulose and sulphonated poly- 
were sequenced in single-stranded form by the styrene, high-pressure liquid chromatography, 
dideoxy-chain termination procedure in [ 131. By paper-electrophoresis and paper chromatography. 
‘turning around’ several of the Ml3 clones to se- Sequencing was carried out using the manual 
quence the complementary strand [ 141, we ensured dansyl-Edman method [ 161, and amides were 
that >98% of the entire sequence was determined assigned either by electrophoretic peptide 
on both strands. mobilities or mass spectrometric analysis [ 171. 
2.2. Protein sequencing 
E. coli tyrosyl-tRNA synthetase was purified to 3. RESULTS AND DISCUSSION 
Fig. 1. DNA sequence evidence for part of the 2600 
basepair insert of pBR322/EcoTyrTS. The BamHl 
restriction sites (B) and translation initiation (I) and 
termination (T) positions are indicated on the upper line, 
with distances marked off in 200-base intervals. 
Horizontal arrows represent he lengths and strand-sense 
of sequenced DNA fragments, with the relevant cloning 
strategy indicated on the right hand side. 
A 1.27 x lo3 base open reading frame was iden- 
tified within the DNA sequence of the insert of 
pBR322/EcoTyrTS, and is presented in fig. 2 with 
the amino acid translation. Three lines of protein 
chemical evidence establish the fact that this se- 
quence does indeed represent the E. coli tyrosyl- 
tRNA synthetase structural gene: 
(i) Location of all tyrosyl-tRNA synthetase 
chymotryptic and tryptic peptides, accounting 
for 95% of the 423 amino acids. There are no 
discrepancies between nucleotide and amino 
acid sequences, despite the fact that gene and 
protein were isolated from different K12 
strains [9]. 
Table 1 
TTT 
TTC 
TTA 
TTG 
CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 
GTT 
GTC 
GTA 
GTG 
Phe F I 
Phe F 18 
Leu L 4 
Leu L 8 
Leu L 1 
Leu L 3 
Leu L 0 
Leu L 28 
Ile I 9 
Ile I 11 
Ile I 0 
Met M 6 
Val v 10 
Val V 2 
Val V 4 
Val V 7 
TCT 
TCC 
TCA 
TCG 
Ser 
Ser 
Ser 
Ser 
CCT 
ccc 
CCA 
CCC 
s 5 
s 5 
s 0 
s 1 
P 3 
P 0 
P 1 
P 9 
Pro 
Pro 
Pro 
Pro 
ACT 
ACC 
ACA 
ACG 
GCT 
CCC 
GCA 
GCG 
Thr 
Thr 
Thr 
Thr 
Ala 
Ala 
Ala 
Ala 
T 8 
T 11 
T 0 
T 2 
A 3 
A 9 
A 9 
A 15 
TAT 
TAC 
TAA 
TAG 
Tyr Y 4 
Tyr Y I 
Term 0 0 
Term 0 0 
CAT 
CAC 
CAA 
CAG 
His H 3 
His H 3 
Gln Q 5 
Gln Q 22 
Asn N 5 
Asn N 15 
LYS K 20 
Lys K 8 
AAT 
AAC 
AAA 
AAG 
GAT 
GAC 
GAA 
GAG 
Asp D 11 
Asp D 13 
Glu E 22 
Glu E 9 
TGT 
TGC 
TGA 
TGG 
cys c 3 
cys c 4 
Term 0 0 
Trp W 6 
CGT 
CGC 
CGA 
CGG 
Arg R 13 
Arg R 5 
Arg R 1 
Arg R 1 
AGT 
AGC 
AGA 
AGG 
GGT 
GGC 
GGA 
GGG 
Ser S 3 
Ser S 7 
Arg R 0 
Arg R 0 
Gly G 16 
Gly G 14 
Gly G 1 
Gly G 3 
Codon usage for the Escherichia coli tyrosyl-tRNA synthetase gene 
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tryp..:- - _ _ _ _ -),- _ _ _ _,._ _ . _ _ _ _ _ _ _ _ _ _ _ _,._ _ _ _ _ _ _ _ _ _ _ . _ 
chyms- - - - -;<_ - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _,._ . - - 
10 20 30 40 
A s s N L I K 0 L 0 E R G L ” A 0 ” 1 D E E ALAERLAOGPIAL” C G F n 
GCAAGCAGTAACTTGATTAAACAATTGCAAGAGCGGGGGCTGGTAGCCCAGGTGACGGACGAGGAAGCGTTAGCAGAGCGACTGGCGCAAGGCCCGATCGCGCTCTATTGCGGCTTCGAT 
10 20 30 40 50 60 70 SO 90 100 110 120 
t_________--___-___, ___.___________.._--- 
c_ - - _ _ -,(_ _ _ _ _ _ _ _~‘_ _ _ _ _ _,‘I_ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _,I_ - - 
50 60 70 GO 
F T ADSLHLGHLVPLL CLhRFGOAGHKP”AL”GGATGLlGD 
CCTACCGCTCACAGCTTGCATTTGGGGCATCTTGTTCCATTGTTATGCCTGAAACGCTTCCAGCAGGCGGGCCACAAGCCGGTTGCGCTGGTAGGCGGCGCGACGGGTCTGATTGGCGAC 
t- _ t30_ _ _l’O _ _ l5_O _ _ !? _ _,‘o_ _ _ ‘e” _ _ !9O.,, _ _200 _ _ 2!O _ _ 22O_ _ _230 _ _ 240 
c_ - - . - - - _ _ _ _ _ _ _ _ _ _ _ _.,,_ _ _ _ _ _ _ _ _ _,,_ _ _ _ _ _ _ _ _ - 
90 100 110 120 
F SFKAAERKLNTEE T ” 0 E ” ” II I( I R Ir 0 ” A P F L n F DCGENSA 
CCGAGCTTCAAAGCTGCCGAGCGTAAGCTGAACACCGAAGAAACTGTTCAGGAGTGGGTGGACAAAATCCGTAAGCAGGTTGCCCCGTTCCTCGATTTCGACTGTGGAGAAAACTCTGCT 
250 260 270 280 290 300 310 320 330 340 350 360 
t- 
c- I I 1 1 1.; 
._ . ;_ _ _ ._ _ _ _ _ _ _ :,_ _ _ :._ _ _ 
,_ _ - _ _ _ _ _,.. - . _ _ _ - _ _ _ . _ _ _. 
130 140 150 1.50 
I A A N N Y Cl U F G N_ ,, N V L T F L R D I G K H F SVNOtiINKEAVK 0 R L 
ATCGCGGCGAACAACTATGACTGGTTCGGCAATATGAATGTGCTGACCTTCCTGCGCGATATTGGCAAACACTTCTCCGTTAACCAGATGATCAACAAAGAAGCGGTTAAGCAGCGTCTC 
t- _..3’“_ _ _380 _ _ 3:o _ _ Too.. _ _“O _ _ ‘fO _ _ 1’“_ _ _““:,_ _ ‘;_O _ _ 4? _ _470 _ _ ‘8O 
c- _ _ _ _ _ _ _ _,._ _ _,.:_ _ _ _ _ _ _ _ _ _ _ _> ,. . . _ __ . - _ _ . . 
170 LSO I90 200 
N REDOGISFTEFSYNLL OGIDFACLNhO” G V V L 0 l G G S II 0 
AACCGTGAAGATCAGGGGATTTCGTTCACTGAGTTTTCCTACAACCTGTTGCAGGGTTATGACTTCGCCTGTCTGAACAAACAGTACGGTGTGGTGCTGCAAATTGGTGGTTCTGACCAG 
1. _ 4_9O_ _ _5oo _ _ 5!o _ _,.,520_ _ _530 _ _ 540,_ _ YO_ _ _560 _ _ y” _ _ fi?,. _5vo 6oo 
c_ - - _ - . . _ _ _\~_ _ _ _:‘_ _ _ _ _ _ ‘_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ :,_ _ _ _ 
210 220 230 240 
Y GNITSGIDLTRRLH ONOVFGLTV PLlThADGTkFGhTEG 
TGGGGTAACATCACTTCTGGTATCGACCTGACCCGTCGTCTGCATCAGAATCAGGTGTTTGGCCTGACCGTTCCGCTGATCACTAAAGCAGATGGCACCAAA~TTGGTAAAACTGAAGGC 
t- _ 6’O. _ _62” _.,,,_ *3O _ _ YO_ 
650 660 670 680 (190 700 710 720 
__ _ _ _ _ _ _ _. _. . . _ _ _ 
E_ _ _ _.._ _ _ _ _ _ _ _ _._ _;_ _,,_ _ _ _ _ _ _) ,. _ _ . :,_ _ _ _ 
250 260 270 280 
G A V U L D F K h T S F I k F Y 0 F” I N T A Cl A D ‘4” R F L K F F T F ,, S I E 
GGCGCAGTCTGGTTGGATCCGAAGAAAACCAGCCCGTACAAATTCTACCAGTTCTGGATCAACACTGCGGATGCCGACGTTTACCGC,TCCTGAAGTTCTTCACCT,TATGAGCATTGAA 
t- _ Z’“_ _ _‘?f _ _ ‘5O _ _ 5”“_, 
770 780 790 800 810 820 830 840 
._ 
c-__--__--__--__-_‘T._,.~rIII~II”~IIII~II~I__ 
290 300 310 320 
EINALEEEDKN S G K A P RAOIVLAEOVTR LVHGEEGLOAAK 
GAGATCAACGCCCTGGAAGAAGAAGATAAAAACAGCGGTAAAGCACCGCGCGCCCAGTATGTACTGGCGGAGCAGGTGACTCGTCTGGTTCACGGTGAAGAAGGTTTACAGGCGGCAAAA 
t_ _ YSO_ _ _Y _ _ ST0 _ _ YBO_ _ _E90 _ _ 9o_o _ 9_1°_ _ _92” _ _ 9T0 _ _ P’O.,, _ _95” _ _ 910 
c_ _ _ _ _ _ -)‘_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - 
330 340 350 360 
R I T E C L F S G S L S A L S E A D F E 0 L A 0 DGVPMVE”ELGADL”O 
CGTATT~CCGAATGCCTGTTCAGCGGTTCTTTGAGTGCGCTGAGTGAAGCGGACTTCG~ACAGCTGGCGCAGGACGGCGTACCGATGGTTGAGATGGAAAAGGGCGCAGACCTGATGCAG 
t_ _ P’O. _ _9”” _ _ 990 _,\_ 10°0_ _,.!“l” _ _lOZO _ _ 1030_ _ !“‘” _ _y” _ _ 1060_ _ ‘“‘” _ _,OfO 
~__-_--_--__-_____:‘___.- -- ..__ _______., .,____ 
370 380 390 400 
A L V D S E LOFSRG OARKTIA SNAITI N G E K G S 0 F E Y F F K E E 
GCACTGGTCGATTCTGAACTGCAACCTTCCCGTGGTCAGGCACGT~AAACTATCGCCTCCAATGCCATCACCATTAACGGTGAAAAACAGTCCGATCCTGAATACTTCTTTAAAGAAGAA 
1090 1100 1110 ,120 1130 1140 1150 1160 1170 
t_ -i,*_ _ _ _)<_ _ _ _ _) 
1180 ,,90 1200 
(_ _ _ _ _ _ _ _‘, 
c_ - - _i<_ - -, ,_ . - . -‘,<_ . _ _ _ _,. 
410 .20 
D R L F G R F T ‘-- L L R R G h K N Y C L-i C U K * 
GATCGTCTGTTTGGTCGTTTTACCTTACTGCGTCGCGGTAAAAAGAATTACTGTCTGATTTGCTGGAAATAA 
1210 ,220 1230 1240 1250 1260 1270 
Fig. 2. Complete DNA sequence with amino acid translation (single-letter code, see table 1) for the structural component 
of the E. coli tyrosyl-tRNA synthetase gene. (The ATG initiation codon is not included). Upper (tryptic) and lower 
(chymotryptic) dashed lines respresent he aligned sequenced peptides, and amino acid and nucleotide distances are 
indicated above and below the sequence, respectively. 
(ii) The N-terminal cyanogen bromide fragment 
(residues 1-132) has been purified and partial- 
ly sequenced, allowing us to assign Ala Ser Ser 
Asn Leu . . . as the N-terminal sequence of the 
protein. 
(iii) The M, of 47403, calculated on the basis of the 
translated DNA sequence agrees well with 
estimates of 47 500 [ 181 and 48 000 [ 191. 
The pattern of codon usage of the E. coli 
tyrosyl-tRNA synthetase (table 1) shows a strong 
421 
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preference for ATPy (Be), lOO%, CGPy(Arg), 
90%; ACPy (Thr), 90%; GGPy(Gly), 88% and a 
weaker preference for TTC (Phe), 72%; 
GAA(Glu), 71 Vo and CCG(Pro), 69%. This broad- 
ly resembles the distribution found for all of the E. 
coli aminoacyl-tRNA synthetase genes reported 
[20-221, and is typical of the category of 
moderately to highly expressed genes [23]. 
Although this may explain why the majority of 
aminoacyl-tRNA synthetase genes can be express- 
ed at very high levels in vivo when cloned in multi- 
copy plasmids [4,9,24], the purpose of such a 
codon distribution for enzymes which are normally 
expressed to only a few copies/cell [25] is far from 
clear. Optimising the translation efficiency of a 
particular mRNA may also result in a minimiza- 
tion of the error frequency [26]. Since the amino- 
acyl-tRNA synthetases themselves play a crucial 
role in the fidelity of protein synthesis, missense or 
frameshift errors introduced during the translation 
of their mRNAs could initiate the type of error- 
catastrophe originally envisaged in [27]. 
A sequence comparison of the E. coli tyrosyl- 
tRNA synthetase with the B. stearothermophilus 
enzyme [28] reveals considerable homology, 
similar to that already reported for the sequences 
of the analagous two tryptophanyl-tRNA syn- 
thetases [21,29]. In [5] we discussed the 
significance of a constellation of cysteine and 
histidine residues which forms part of the 
nucleotide binding domain of the B. stearothermo- 
philus tyrosyl-tRNA synthetase and is apparently 
conserved in the E. coli methionyl-tRNA syn- 
thetase. It is surely no coincidence that these 
residues are contained within a 17 amino acid long 
stretch of sequence which is 95% homologous be- 
tween the two tyrosyl-tRNA synthetases (E. coli, 
residues 35-5 1; B. stearothermophilus, residues 
33-49). However, a detailed comparison of the 2 
primary structures is best reserved for our forth- 
coming paper on the complete sequence of the 
tyrosyl-tRNA synthetase from B. Stearothermo- 
philus. 
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